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(57) Abstract ' ~~ — ~ — T - 

A radiation profile line originates from illuminating a scene by a fan beam of radiation and imaging the thus illumi- 
nated scene on a surface of an array of photosensitive elements. A read-out circuit has inputs connected to associated de- 
tection elements in the uppermost row. The read-out circuit comprising level detector circuitry to have the output signals 
of the columns take up either a f '\" state or a "0" state. The outputs of the level detector circuitry, each one of which corre- 
sponds to one of the inputs, are connected to a circuit that delivers a digital code representative of the position of the ele- 
ment in the uoDermost row which has received the largest amount of lisht. 
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-.;-- a . riatectior. system zcr a. - - — w - 


nvention relates to a 


detection system rcr 


a r3di3 :icn profile line arising a matrix containing 
„ rows and N columns of Photosensitive detection elements, 
,..„, for shifting the output signals of th. detection 
eLtn . nts row by row in the coLu.n direction unoer the con- 
tra , of clock signals, and a read-out circuit, of whicn 

i.. a v<! cor-n^fd to an associated detection 
one input .is always c o . . n a 

element in the Hth row of detection elements. 

Systems for observing radiation profile lines are 


«n U s=d in-er alia, in triangulation mea. 


ursmenrs in wm 
Liaht b e a a 


a profile is illuminated with a fan-shapeo 
3 fipst angL9 while the illuminated profile is onservea 


cond angle, differing from the r ,u. 


sr. by means 


o iTi a s 

"i 

» » ..w.i.«. 3isz - uzs '**<""" 


15 oi a n n e 

the profile- 

For ob th. profU. Li",, us, ... b. 

a d.t.ction con.f.tin, of a s .l.vf»l = n = — r. 

, j---r*->'* containing a matrix c. 
or of a two-dimensional -e. = -^. 

^ ^„..., an *itive elements. A drawback 
ZQ rows and columns o. m<i« 

u n - *• w o " d i a n s i o r. 5 I 

of a television camera and or t„e exi a w..> 3 


merits hav 

which limits 


icture elements or cetect.on eis 
r i a L L v Line 


detectors is that the p 

. c 0 - , . . . . . . : _ b v Line or row cy 

^ to be read cu. s e 


t n e number of arotus^ - ■ 


aster s:eec. In this 


m x m r e 3 o - c 


■ e recessa 
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with a sa:rix of M x N p h o t g 3 a n s i t i v e elements. 

The Dutch patent application 350C6QG provides for 
a detection system in which this problem is rec^ized 
According to said patent application, a solution ror this 
5 orcblerr. is presented by not making use of columns of 

.photosensitive detection elements but of a number of so- 
called "position sensitive devices" CPSD) placed parallel 
to each other in columns; such a FSD provides an output 
s i ci 


1Q 


. • • • _ _ ~ - e . . .- - -i- *-'na DCS i t 1 Oil O." tflS P S D 

: n a I wnicn is a m = = s u , = o . ■ p c * . - i u . 


where light radiation is incident upon the latter. Said 
output signal is determined by means of a sub-calculation. 
Although it is passible with said known detection system 
in the case of fc PS3s', to obtain the complete information 
relating to the variation of "'the profile line by means of 
15 N consecutive read-outs, namely one per PSD, the use or 

PSDs also has a number of drawbacks. In the first place, 
the sub-calculations needed at higher frequencies are dif 
ficult to implement and/or can be implemented only at 
high costs due to the complex electronics required. In 
ZQ the second place, the output signal of a FSD contains a 
quantity o 


f thermal noise due to the construction o. sucn 


a =30. In order to obtain a sufficiently high signal/ 
noise ratio despite said thermal noise, it is necessary 

that a sufficient 


antity of light reaches the detection system contammg 


:o employ high light levels in orcer 
qua 

the FSDs. Furthermore, 

■ m a FSD cannot be implements 


the required electronics tor ore 


cess i n g 


e m e n c e d only = t very high costs 
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3 n i 
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The European pa 
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csscribes a detection system 


^ ~ - i M ^ to read out tne oo- 
wnich is intended := ma<e - p-s^l- 
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_ • ^ _ n - o ; o - t 3 d by means o ' 

pO 1 n ti H*OJ u / 

e Light 

5 s a Line via a cyLincn 


• r--v-is^-»H hv the 

profUe ta be observed. The Lignt pen., .e,.= / 


profile to be observed are image 

_ * , _ r Sn ; is;s of 3 number, 
caL Lens on the 'derectTon system 

~ «ui^n- - ( aroctor elements - Each o ~ 
for. example eignt, o> oblonu ueu-CwOr 

said detector elements is masked in a manner s uc n mat 


secutive e 


Lements deliver^ a b i 


ary coded signal. i " - n e 


quantity of lignt received by such a .asked detector e, 
menfc exCS9 ds a certain threshold value, which is ceterminec 
by means of a level detector connected to each cetector 
element, this means that the output signal of the associ- 

i ^ - : r " i " in this manner, the 
ated detector element is a log.c ■ - in 

f the detection system is available immec:- 
form so that t h e processing o i 


output signal 

; a i d s i g - 


ately in digital 


If tne power c 
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tne laser source used to generate the narrow 

a scanning speed of sever 


sufficiently nig. 
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very high in order to obtain a sufficiently and evenly distributed 
illumination intensity on said elements during the spreading cut of the 
reflected beam over the various oolong detector elements. If the 
light spot vs 'vnci^nt on the detector element in a manner 
5 such th*t two adjacent detector elements bath receive so 
much light that they both give a "V output signal, the 
output signal obtained will also give a completely incor- 
rect reproduction of the actual situation. 

The object of the invention is to provide a derec- 
10 tion system which does not have the drawbacks of the known 
systems so that, for example, no expensive electronics for 
sub-calculations and/or h i g_h laser powers are necessary, 
, hU e it is nevertheless possible to observe profile lines 
ith a speed which is at least equal to the speed at which 
15 profile lines can be observed with the known systems and 
no moving components a r e n e c e s s a r y , while, in acdition, 
the object is to largely eliminate the possibility of in- 
correct measurement results. 

For this purpose the invention provides a system 
25 of the above-mentioned type in which the read-out circuit 
comprises level detector cuircuitry coupled to the Mth 
detection element of each column and having N outputs 
each corresponding to a respective column and in which 
the outputs of the level detector circuitry are coupled 
25 to a circuit which can deliver a digital code which is 

representative of the position of the element in the Mth 
row which has received the largest amount of light. 
The inversion is c^ec - 

- ^ . ^^1- me bv means of a -vc-dinieris icnal 
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r"=> => ! e m e r. c in each row c t c e t e c - 
detection system, on 1 ./ c , . e 

_ , i - - r --n t n 3 o r o ;' i L e line to be 
tion elements receives I , = n . . r - m w... p.a 

„ hi , a fc „ oHPr c e t e c t i o n elements receive no, 
cr at least considerably less, light. Therefore, by ce- 
5 termining, row by row, simultaneously for all detection 

elements in said row which element delivers an output sig- 

„ <- h r p s h a 1 d value, said element 

nal which exceeas a cer.a.n -nresn-.- v d . , 

is indicated by means of 3 digital code and it is possible 
to determine, row by row, by .ears of said code which de- 
, Q tecti0 n element in a row has received the largest amount 
of light, which is reflected by a sequential series of 
digital code signals. In this manner, the pattern of a 
Profile line can be determined in a matrix containing M 
rows and N columns of detection elements by means of M 
read-cuts instead of with M x N read-outs as in the case 


, the ccnve ntional detection systems. 

n w i l-l be explains 
f an exemplary embodiment w i t n 


The invention -w i L-L be exclaimed in more detail 


below cn the basis o 
e n c 


to the drawing. In t n i s : 


Fioure 1 snows a diag. aia.»a^w , — , » , s> , . . u 


ccording to the invention 


and 

the detection system a < 

Figure 2 shows an extension of the system acccrc 

A « - n - a h t * i n i n a reliable measurement rest- 
ing to Figure i < o , cor-in^.u 

■ - . . — - i v ^ -i^ments in one row receive an 
if two pnotosena n. we ^ ,li " 

. ^ Mr-* which is above the threshold value, 
amount o » l > g ^ - * 1 > 

Ficure 1 shows diagrammatical Ly the consrruc t io 

_ ^ , ^ <? a r- w n h ^ -adiation prcrile 

of a detection sys ■ vj * w 3 

Line. Altncucn t rwe c - i n c * o I e c* t - e invention . * — ■ 

= ^ x co-ta^ninc ,1 rows <^ = any integer:- 
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and N columns CN = any integer), the exemplary eubcdhent 
is described far the sake of clarity on the basis cf a 
matrix containing eight raws and eight columns, attention 
being emphatically drawn to the fact that this is in no 
5 way to be seen as a restriction. 

The system comprises eight rows, 1a-1h respectively, 
of photosensitive elements and eight columns, 2a-2h res- 
pectively, of photosensitive elements. The detection 
system therefore consists of 8 x S photosensitive 5 Le- 
1Q ments. The signal from each of the eight photosensitive 
elements of a particular column can be transferred under 
the control of a read-out gate electrode to a vertical 
CCD shift register, 3a-3h respectively, associated with 
said column. Clock signals' are fed in a manner known per 
13 se via a bus 4 to said shift registers 3a-3h and to the 

read-out gate electrodes. In the eighth row the last CCD 
element cf the shift register cf each column is coupled 
to a circuit, not shown, for converting the charge in 
said CCD element into a corresponding voltage in a manner 
?.Q known per se. The output signal of the charge/voltage 
converter associated with each column is ccuplec 
to a first input terminal of an associated level detector, 
5a-5h respectively. Each level detector comprises a 
second input terminal, all the second input terminals 
25 being connected to each other and coupled to a reference 
voltage U Pa f. The level detectors 5 are arranged in a 

„- _„ - - i i a i- = » -t ■■ -utput signal if the 
manner <nownpei ae -w~ = ■-.>«-• 

= r- n i n a I is higher than U rs f 


signal on the first i"u. 
and a 


0" output signal if the signal an the first inou 
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terminal is lass than U ra f 


. . . . . . _ . . _ " a - 

terminals o 


The output 

diade matrix whic 


f the level detectors - a 

ing t c 


5 h are connected to a 
the exemplary embodiment, comprises eight input terminals 
6a-6h and three output terminals 7a-7c. The diode matrix 
nstructed in a manner known per se and so connec- 


C 0 


the input terminal 6a-6h to the respective Level 

1" output signal at the output of 


is so co 
ted via 

detectors 5a-5h that a 
d2 ,ector 5a delivers a binary 000 signal tc the cutout 
1Q terminals 7a-7= of the diode matrix, while a » 1 " output 
sianal at the output of detectc 


h delivers a binary 1 1 1 


, -7. ■? ^ •« -t ■■ n-h-iu*" sicnals 
signal to the output terminals 7a-/c. . cu.-u. 

fc ^ - „^ r3S n S .-ive!v the level detectors 5 b - 5 a 
at the outputs a r e s p e - - i v e . , 

■ • _ \. - f\j cfnns 1 s to the output t e r - 
deliver the intermediate binary signers 

detector 5f. 

is possible with the detection 


In this manner i t i 

1 to determine for each compi 

• V' sianal 


n * t e 


system according to r i g 


• . _, anc ;*; vfl pigment delivers a 

row whicn pnotosensnw. - l , m - . 

• a - a H d«t«ctor, which indicates that 

20 via the associated .evsi c „ . - t. - 

that element has received light. As a result, a matrix 
containing M rows and N columns can be reac cut in a 
■cycle of M steps instead of in M x N steps in the hither 


to known detection systems. 

i y s pass 

the function of the photosensitive 


Although it is always possible to combine in a 


manner known per se 
elements in the columns Za-Zh with the function of the 
.,.„. 4 „-.h chift reoister elements in the columns 2a-3n, 

3 S 5 C ^ ' 5 - -nil- 

- , . ^ ~ r-^ristruction 5 " 0 w n w ! - r ' - ^ 

use is prsTsraaLy n <. - = - •• - - - ^ - 
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matically in Fig. 1 in which the photosensitive elements 
are separated froa the shift registers because it has been 


1 o u n u 


. * ~ a n^.ibitity c f interference signals : s 
rinc the transfer of the charge with this c on- 


to west au 

5 figuration so that the most precise indication of the 

variation of the radiation profile Line, which is indica- 
ted diagrammatically in Fig- 1 by Line A , is obtained. 
It will be clear that the whole of the circuit shown in 
Fig. 1 is preferably integrated on one semiconductor sub- 

10 st rate. 

In order to suppress tha effect of interfering 
ambient light as much as possible in profile line observa- 
tion by means of the detection system according to the 
invention, use is preferably inade of flashes of light in 
15 order to illuminate the profile to be observed in a fan 
shape, the photosensitive detection elements in the mat- 
rix being enabled by means of clock pulses to generate 
an output signal, which is proportional to the amount of 
light received, only during such flashes of lignt. 
2g if S p 3 cular reflections happen to occur, t .-. e 

quantity of charge in a photosensitive element may reach 
high values. In order to prevent charge overflowing from 
such a photosensitive element to an adjacently situated 
photosensitive element, ant i -blooming electrodes are pro- 

r - ~ ~ ; ~ *.u a - r ^ h 2 b U t v r h a t mere 
23 v iced. As a result or t m s , ^ n e H . w u ~ i l . - , 

than one photosensitive element in one rev delivers 

^ - - , t . . ~ -= - h i c h \ a h e r than U r « f as a r e s u ^ c i 
output signal * . i i ^ m i - 11 > - * 1 ~ 1 ^ . 

c n a r o e overflow is reduce c . 

If. for some reason, t a 0 or more pho:csens:rive 
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elements in one row deliver an cutout s:gnai w m c n 
hi char chan U ra f curing the observation cf a p 


of i 


t several level detectors 5 deliver a "1" output sig- 


so tha 
n a I 

no measures are taken against i 


this results in a eofnoletely incorrect measure**; 


- ^irst possibility for eliminating such faults is 
shewn in Fig. 1. For this purpc 


r\ 1 

n n 3 ^ s» r rn n c l u i a - ' 1 - — 


a, one terminal of a serie 
circuit of a dioce, 3a-3h respectively, and a resistor, 9a- 
?h respectively is connected to each output terminal or tn, 
10 respective level detectors 5a-5h, the other terminal of the 
series circuit always being -connected to the corresponding 
terminal of the other series circuits and to a first incut 
of a level d e t e.c t o r 10. I this manner the cutout signals 
of the level detectors are "summed and this surged signal is 
15 compared by level detector 10 with a second reference vol- 
tage u 2r2f which is equal_ to the "1" signal level. If sev- 
eral Level detectors 5 deliver a "1" signal, level detector 
10 also delivers a "V signal, and this is then an incica- 


1 " 

t ion of an mcor 


■act measurement as a r e s u l t c ■ a 


put signal or s 

If i wo photosens 


everal level detectors for each singl 


v e elements in one row c e I : v e 


"1" sicnal via the associated Level detector 5 


possible, according to a or 
t ion, to co 
a b 

ample, to determine that the actual 
the i I 

- a : e c between twe such elements. 

:ic. Z snows d i agr anma c ; 


eferred embodiment of the inven- 


nvert it in an unambiguous manner into a re^ 
le measurement signal with whicn it is possible, for ex- 

e n t r e c f gravity cf 

f a r o w or p h c . c s s . » s > «- ■ * - - - - - 
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the diode matrix according to rig. 1 should be extended in 
in order tc make such a measurement possible. Only the 
dices iH 3 c r ' x 


is shewn because the structure of tne matrix 


of photosensitive elements and the coupling thereof to tne 
5 level detectors 5 is identical to that in the system ac- 

cording to Fig- 1 - 

The diode matrix now comprises six output terminals 
7a -7f instead of three output' terminals 7a-7c. The input 
terminals 6a-6h are connected "in the same manner as in the 
10 embodiment according to Fig. 1 via the diodes of tne diode 
m atrix to the output terminals 7a-7c. The output terminals 
7d-7f are, however, connected via diodes of the diode mat- 
rix to the input terminals __6a-6h in a manner such that the 
L3tter d5L iver an output signal which is complementary to 
15 the output signal on the terminals 7a-7c. Thus, the output 
terminals 7d-7f deliver a_ 000 binary signal if level detec- 
tor 5h delivers. a "1" output signal and a 111 signal if 
level detector 5a delivers a "1" output signal. 

= y way of example, it will be assumed that the level 


Z0 detectors 5b and 5e deliver a "1" output signal as a resu.. 
of an observed radiation profile line. If only the output 
signal from the output terminals 7a-7c were to be used, a 
100 binary signal would be obtained via level detector 5b 
and a CG1 signal via level detector 5e, so that the total 

^ i „ - -ho r o r m ^' n 3 I ^ 7 a - 7 c would be 1 Q 1 , 
25 binary output signal on ,ne uem,.naL- 

and this would i n a i c a t e u n a l c e v t= ^ w e 

. _ » - ne-n^t -ional. This is obviously a cojnoLe tely 
incorrect and unusable neasurenerc result. 


output 


L - n5S 7 d - 7 f of the section c f the 
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ir -4 it 


matrix added in the em: 

r, a 011 binary output signal for the "1" out- 


>/ s r s , howevf 

c t o r 5 b and a 1 1 0 signal for 


put signal of level data 
"1" output signa 


I of level detector 5e. The total cutpu 


which is arranged 
so as to determine the average of said signals, then the 
output signal of circuit 11. is in fas 


signal on the lines 7d-7f is the sum of these two signals, 
i-8 . the 111 binary signal. This indicates that level de- 
tector 5a is delivering a "V output signal, and this also 
constitutes an incorrect measurement result. 

If, however, the binary output signal on the ter- 
minals 7a-7c and the binary output signal on the terminals 
7d-7f are separately fed to a circuit 1 

o 

cund to reproduce 

, a ..; pa i ;, ntre between the column of 
precisely the geometrical -e.ni.re 

• ■ ™ a n-- and th a column of photosensi- 

15 Photcsens i t i v e element <L^ a.,- w 

tive elements 2e in row la. For said average binary out- 
put signal indicates the position between the photosensi- 

_ „. anfi i d a nd this is in fact the geometri 
tive elements i c a n ^ • ^ ? a 

cat centre between the columns 2b and 2e. 
2Q 3y adding the binary coces_ on respectively the ter- 

finals 7a-7= and the terminals ,owt, «. oma.y 
tained which reproduces this average plus one bit 
tional information with 


which the position between two co 


■ * u rt ; nri i r zt*c By adding an additional 

umns can tnere f ji - 

which delivers a 


25 diode matrix with three output terminals 

binary outcut signal wnich is complementary to 


n e 


terminals 7a-7c i: s 


h e r e f c r e 0 o s s : c i e 


•r. ~ t w e e n these 


- - t h - centre o e 
able ; , n * o r m a t : c n r e I . . . s - - ■ 

■ ^ _ , ^ „u.f : ;*ve e L e m e 

■ ^ ( ,~ ~ ; - w o elements ^ 

onotosrn^i^'-- 
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a row are illuminated simultaneously. 

If such an additional diode matrix according to Fig. 
2 is provided, the reference voltage U 2rsf of the level de- 
tector 10 can be adjusted so that if the latter delivers 
5 only a fault signal if three or more photosensitive ele- 
ments in one row deliver a " 1 " output signal via the asso- 
ciated level detector, because, by means of this additional 
diode matrix, such a multiple illumination does not result 
in a reliable measurement signal. 

By making use of more complicated diode matrices 
and complex logic processing it is, however, in principle 
also possible to obtain a reliable output signal with three 
or more photosensitive elements in one row illuminated sim- 
ul taneous ly . 


10 


15 


Although an exemplary embodiment has been des 
,ntaining a number of rows of photosensitive e 


e a 


aoove coi 

,en:s, the principle on which the invention is based can 

advantage in the case of only one 


be applied with the same 

Laments- This entire row is then 


row c 


f photosensitive e 


^ • Mp! hv no an s of level detectors and 

2 0 always reaa out in parallel ay m^ar.* 

n-fr^ Such a detector can be used in a system 
a a i ode matrix. oucn a ^ , ^ = ~ ^ 

for observing radiation profile lines of the type which is 
described in the European patent application 0,131,553, in 
which the profile to be observed is therefore illuminated 
25 not with a fan-shaped light beam but with a punctiform 

Light beam and the radiation profile line is constructed 

_:, * - -i !,-,-•«"- -> ^ n - s . 3y means ot the 

from consecutive re. i = , ~ . . _ 

system according to the invention containing one row or 

photosensitive elements the read out frequency w h vc n can 
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achieved is just as mgn as ,n tn. s, 

H o = v « r , 3 Laser source 
said European patent appLu.— HC-.W- , 

er i S not necessary while in the event of 
uaination cf two photosensitive 
reliable output signal can neve 


with a high p o u e 
the 


simultaneous illumination cf two photosensitive ele- 


5 merits in one row, a 

■ \* n«fl is made of the extension or 

Less always be obtained i. use >s 

the diode matrix shown in rig. 2 - 

30 th in the case of one row and in the case cf sev- 
eral rows of photosensitive elements it is Possible with the 
. r .„s; — t . the invention to determine in a simple 

„ — ; - t \/ a o I 3 rfl p n t which 

manner tne a c * u " 

is delivering a » V output signal to the associated level 
detector. This is possible, by always connecting a scanning 

n - a'L I aval detectors via 
Line to the first incut terminals a. -I I - ' - <- 

15 a normally opened switch, 

. . „ • „ n , , * . 3 ^fnaL of the level detector 
Lonas to the Tirst mpuu we. 

Hh , ch delivers the "1" output signal, and this closure can 
t . k . Place under the control of the » V output signal of the 
level detector concerned. 

2 0 The level detectors 5a-5h and the reference voltage U REF 

together form' level detector circuitry which is coupled to the Mth 
detection element of each column and has N outputs eacn corresponding 
to a respective column. The above described embodiment of such level 
detector circuitry, nowever, is not tr.e only one possible. Another 
25 embodiment of level detector circuitry with N inputs ana H outputs 

makes use of a so-caiiec n-ficp describe in Scientific American 257_ 


switch being closed which be- 
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(1987) Dec. issue, pp. 62-70. By chasing the 
correct connecting network only one output signal 
will be driven to the "I" state while all other 
output signals will be driven to the " 0 " state. 
5 Such n-flop can be advantageously be integrated on 

the same chip as the photosensitive elements thus 
making a very compact detector. A further advantage 
is that no specific reference voltage level U RS? 
has to be chosen in advance because the output 
10 signals of the Mth row_ are compared to one another 

only . 

Finally, attention is drawn to the fact 
that the detection system according to the invent- 
ion is not limited to use of CCDs. The principle is 
15 also applicable in the case of two-dimensional 

ohotcdiode arrays , the photedicdes of which can be 
read out by x-ray addressing. 
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Claims 


15 


Detection system for a radiation profile line comprising a matrix 
containing M rows and N columns of phocosensitive detection elements, 
means for shifting the output signals of the detection elements row by 
row in the column direction under the control of clock signals and a 

5 -oad-out circuit, of which one input is always connected to an 

associated detection element in tne Mth row of detection elements 
characterized in that the read-out circuit comprises level detector 
circuitry coupled to the Mth detection element or each column and 
having N outputs eacn ccrrespoding to a respective column and in that 

10. the outputs of the level detector circuitry are coupled to a circuit 
which can deliver a digital code which is representative of tne 
position of the element in the Mth row which has received tne largest 
amount of light. 

2. Detection system according to Claim 1, characterized in tnat 
the circuit which can deliver a digital code is a diode matrix, the 
number of inputs of which corresponds to the number of columns in the 
matrix and the number of outputs corresponds to the number of bits 
which is necessary for binary coding the number of columns. 

3. Detection system according to Claim 2, characterized in that, 
to the outputs of the level detector circuitry there is connected a 

' ,. Jrthe . dicde matrix having a number of inputs and outputs which is 

.aual to that of tne first diode matrix, which further diode matrix is 
arranged to deliver a binary output signal which is complementary to 
the output sicnal of the first diode matrix. 
25 4. Detection system according to Claim 3, characterized in that means 
are provided for determining the average between tne binary output 
signal of the first diode matrix anc that of the second diode matrix. 
5. Detection system according to Claim 1, charactered in that tne 
level detector circuitry comprises a n-flop. 
,0 6. Detection system according to Claim 1, characterized in tnat the 
Wei detector circuitry comprises a level detector for each column. 
7 Detection svste.m according to Claim 5, characterized in that u.eans 
are orovided for summing the cutout signals of ail level detectors and 
i.n tnat a further level detector is provided which compares the summec 
3 5 signal with a reference voltage. 
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S. Defection system according to Claim 7, characterized in that the 
reference voltage is virtually equal to the high output signal of the 
level detectors connected to the columns. 

9. Decection system according to one of the p reeding claims, 
5 characterized in that the number of rows is equal to one. 
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